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(i) Real Party in Interest 

The Application is assigned to Boston Scientific Scimed, Inc., formerly known as 
Scimed Life Systems, Inc., One SciMed Place, Maple Grove, Minnesota 5531 1-1566, a 
Minnesota corporation and a subsidiary of Boston Scientific Corporation, One Boston Scientific 
Place, Natick, Massachusetts 01760-1537, a Delaware Corporation. 

(II) Related Appeals and Interferences 

No related interferences or Appeals are currently pending. 

(III) Status of the Claims 

Claims 1-22 have been presented in the application. Claim 1 was cancelled in an 
amendment filed July 2, 2007. Claims 2-22 are currently pending. Claims 2-22 are rejected. 
Claims 2, 4-20 and 22 are the subject of this appeal and are set forth in the Claims Appendix. 

(Iv) Status of Amendments 

Claims 2-22 were finally rejected in an Office Action ("FA") mailed September 17, 
2007. An Amendment After Final was filed on November 12, 2007, in which it was requested to 
cancel claims 3 and 21 and to amend claims 7, 8, 11, 12, 15 and 16. The amendment was refiised 
entry in an Advisory Action mailed November 29, 2007. As a consequence claims 2-22 remain in 
the appUcation in the form as they stood on the date of the Final Rejection. 

In view of the applicant's stated willingness to cancel claims 3 and 21, the rejection 
of those claims is not being appealed. Consequently the appealed claims are claims 2, 4-20 and 



22. 
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(v) Summary of Claimed Subject Matter 

A summary of the independent claims, as required by 37 C.F.R. § 41 .37(c)(l)(v), 
and a non-limiting listing of locations where support may be found {braced citations} is provided 
below. 

Independent claim 17 recites: A method of forming a medical device comprising the steps 
of {Original claim 17; page 3, lines 1-2} 

placing a parison in a mold having a cavity with a wall form substantially conforming to the 

desired shape of said device {Original claim 17; page 3, lines 3-4; page 6, lines 32-33}, 
immersing the mold in a heated Uquid fluid to heat the parison {Original claim 17; page 3, line 

5; page 3, line 32; page 4, lines 29-31; page 6 line 33-page 7 line 1; page 7, lines 6-10}, 

and 

pressurizing the parison to radially expand the parison to contact the waUs of the mold cavity 
{Original claim 17; page 3, hnes 6-7; page 7, hues 1-2}, 
wherein the mold cavity wall contains at least one through-hole therein through which the heated 
Uquid fluid enters the mold cavity to directly contact the parison when the mold is immersed in the 
heated fluid and through which heated liquid fluid that has entered the mold cavity is expelled 
therefrom when the parison is radially expanded {Original claim 17; page 3, lines 8-13 page 4, 
lines 23-27; page 7, lines 2-5, niuneral 24 in Figs 1 and 2; numeral 32 in Figs 3 and 4}. 

(vl) Grounds of Rejection to be Reviewed on Appeal 

1 . Whether the Examiner erred in objecting to the specification on the asserted 
grounds that the specification amendment filed July 2, 2007 introduced new matter 
in violation of 35 USC § 135(a), and in rejecting claims 17 and 22 under 35 USC 

§ 1 12, first paragraph on the asserted basis that the claims do not meet the written 
description requirement? 

2. Whether the Examiner erred in rejecting claims 2 and 4-16 under 35 USC § 1 12, 
second paragraph on the asserted basis that the claims on the claims are indefinite 
for failing to "fiirther define the methodical step-wise invention of independent 
claim 17"? 
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3. Whether the Examiner erred in rejecting claims 17, 20, 22, 2, 4-5, 7-9, and 13-14 
under 35 USC §102 as anticipated by Leonhardt (US 5,522,961)? 

4. Whether the Examiner erred in rejecting claims 6, 10-12, and 15-16 as obvious 
from Leonhardt (US 5,522,961)? 

5. Whether the Examiner erred in rejecting claim 1 8 as obvious from Leonhardt (US 
5,522,961) taken with Gass-Erb (US 3,766,358)? 

6. Whether the Examiner erred in rejecting claim 19 as obvious from Leonhardt (US 
5,522,961) taken with Garrett (US 6,073,540)? 



(yii) Arguments 

A. The Invention 

The claimed invention is directed to a molding method for preparing medical devices, e.g. 
balloons, from parisons that are expanded within the mold by pressurization. The method uses a 
mold that is configured with holes that allow the hquid heating fluid to enter the mold. Essential 
to the process is that the holes are configured to allow the heating fluid to enter and contact the 
parison and then be expelled as the parison expands. The method provides the advantage of a 
more direct and so more consistent heating of the parison, which in turn improves balloon 
performance reliability and is particularly advantageous for large balloon sizes. See page 7, lines 
24 - page 8, lines 4. 

B. The Rejections 



1. The Examiner Erred in Objecting to the Specification on the Asserted 
Grounds that the Specification Amendment Filed July 2, 2007 Introduced 
New Matter in Violation of 35 USC §135(a) and in Rejecting Claims 17 and 
22 Under 35 USC §112, First Paragraph, on the Asserted Basis that the 
Claims do not Meet the Written Description Requirement. 

1.1. The Disputed Amendment 



The amendment filed July 2, 2007 amended the paragraph at page 3, lines 1-9 of the 
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application as follows: 

Tn another aspect the invention is directed to a method of forming a medical device 
comprising the steps of 

placing a parison in a mold having a cavity with a wall form substantially conforming to the 

desired shape of said device, 
immersing the mold in a heated liquid fluid to heat the parison, and 

pressurizing the parison to radially expand the parison to contact the walls of the mold cavity, 
wherein: 

the mold cavity wall contains at least one through-hole therein through which the heated 
liquid fluid enters the mold cavity to directly contact the parison when the mold is 
immersed in the heated fluid and through which heated liquid fluid that has entered the 
mold cavity is expelled therefrom when the parison is radially expanded 



The same amendment added the word to claim 17 and inserted claim 22 as a new claim: 



17. (Currently Amended) A niethodoffonning a medical device conqirising the steps of 
placing a parison in a mold having a cavity with a wall form substantially conforming to the 

desired shape of said device, 
immersing the mold in a heated liquid fluid to heat the parison, and 

pressuiizing the parison to radially e^qiand the parison to contact the walls of the mold cavity, 
wherein the mold cavity wall contains at least one througb-hole therein through which the heated 

liquid fluid enters the mold cavity to directly contact the parison when the mold is nnmersed in the 
heated fluid and through which heated liquid fhiid that has entered the mold cavity is ej^elled 
therefrom when the parison is radially eiqianded. 

22. (New) The method of claim 17 wherein the heated liquid fluid is water, glycerol or an oil 

In the Final Action the Examiner in making the new matter objection states: 

The added material which is not supported by the original disclosure is as follows: using a 
heated liquid fluid ... 

(FA, pg 2, Examiner's emphasis). 
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Similarly in making the written description rejection the Examiner states: 

There is no original support for applicant's amended claims which require a heated liquid 
fluid ... 

(FA, pg 2, Examiner's emphasis) 

Therefore the question for decision by the Board is whether the word "Uquid" is unsupported by 
the written description of the application as filed. 

1.2 Applicable Law - New MatterAVritten Description 

The tests for new matter and sufficiency of written description support are the same, and 
are resolved together on appeal when specification objections and written description rejections 
are both present, as they are in the present case. MPEP 2163.06. 

The legal issue presented is whether the disclosure "reasonably conveys to the artisan that 
the inventor had possession at that time of the later claimed subject matter." Ralston Purina 
Company v. Far- Mar-Co., Inc., 221 USPQ 177 (Fed. Cir. 1985). In order to satisfy the written 
description requirement, the disclosure as originally filed does not have to provide in haec verba 
(identical language) support for the claimed subject matter at issue. Fujikawa v. Wattanasin, 93 
F.3d 1559, 1570, 39 USPQ2d 1895, 1904 (Fed. Cir. 1996); In re Wright, 9 USPQ2d 1649, 1651 
(Fed. Cir. 1989). The failure of the specification to specifically mention a limitation that later 
appears in the claims is not a fatal one when one skilled in the art would recognize upon reading 
the specification that the new language reflects what the specification shows has been invented. 
All Dental Prodx LLC v. Advantage Dental Products Inc., 64 USPQ2d 1945, 1948 (CA FC 
2002). Drawings alone have been found to provide the necessary written description for a claimed 
invention. VasCathlnc. v. Mahurkar, 19USPQ2d 1111 (Fed. Cir. 1991). 
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MPEP 2163.07(a) states: 

By disclosing in a patent application a device that inherently performs a function or has a 
property, operates according to a theory or has an advantage, a patent application 
necessarily discloses that fiinction, theory or advantage, even though it says nothing 
explicit conceming it. The application may later be amended to recite the function, theory 
or advantage without introducing prohibited new matter. 

1.3 Argument 

The application discloses heated water or oil as typical heating fluids at page 4, lines 29-32 
and water, glycerol, mineral oil or silicone oil at page 7, lines 7-9, and a water temperature of 
90°C to about 99°C is specifically mentioned. These are liquids. (To the extent necessary, the 
Board is requested to take official notice that the atmospheric pressure boiling point of water is 
100°C, by definition.) Consequently the application clearly discloses fluids that have the inherent 
property of being liquids. That is all that is needed to support the addition of the word "liquid" in 
the specification and claims. MPEP 2163.07(a). Further the application discloses that "those 
with relatively lower viscosities are preferred," (page 7, line 10) which a skilled person will 
understand to be directed to relative properties of the Hquid fluids. Still further the application 
contrasts the heating the parison by direct contact with the heating fluid with indirect transfer 
through the space between the mold cavity (page 7, lines 24 - page 8, line 4), a contrast that 
requires that the heating fluid be different fi-om air. 

The skilled person clearly understands fi-om the original disclosure that the heated fluid 

employed in the inventive method may be a liquid. According to the controlling case law this is 
sufficient to satisfy the written description requirement. No new matter has been added and the 
written description is satisfied. 

In the Advisory Action (continuation sheet) the Examiner states: 
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Although the original specification discusses preferred embodiments of the heating fluid as 
having particular viscosities and lists several Uquids as examples, it is not believed that this 
preferred embodiment renders the application exclusive to liquids For example, although 
viscosity is a property of liquid, it is also a property of gas. 

This statement reveals a fundamental misunderstanding of the written description requirement as 

it applies to the present invention. There is no requirement that the skilled person have to believe 

that the fluids are "exclusive" to liquids. All that is needed to support the recitation is for the 

skilled person to be able to recognize that liquids are inherently encompassed by the heating fluid 

disclosure. The Examiner's acknowledgment that preferred embodiments are recognizably Uquids 

is sufficient to support the claim and specification amendments. Amending the specification and 

claims to focus on preferred embodiments does not and has never raised a new matter/written 

description issue. 

The new matter objection and written description rejection are clearly unwarranted. 
Reversal is respectfully requested. 



2. The Examiner Erred in Rejecting Claims 2 and 3-16 under 35 USC §112, 
Second Paragraph on the Asserted Basis that the Claims are Indefinite 
for Failing to "Further Define the Methodical Step-wise Invention of 
Independent Claim 17." 

2.1 The Rejection 

The Final Office Action contends for claims 2-16 that "[i]t is unclear how the claims 
fiirther define the methodical stepwise invention of independent claim 17." (FA, page 3). the 

In the Advisory Action (continuation sheet) the Examiner states: 

The test for a proper dependent claim under the fourth paragraph of 35 USC § 112 is 
whether the dependent claim includes every limitation of the claim from which it depends 
Although the claims 2-16 refer to various physical elements mentioned in independent 
claim 17, it is not seen how they include every limitation of the method of claim 17; their 
construction does not even refer to any method steps of claim 17. Therefore, it is unclear 
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how they further limit the method of claim 17. 

As a consequence of this latter statement it is not clear whether the Examiner intends the 
rejection to be one for indefiniteness (35 USC §112, second paragraph) or for improper 
dependency 35 USC §112, fourth paragraph). 



The requirement of 35 USC § 1 12, second paragraph, is that the meaning of the claim be 
discemable. See MPEP §2173.02. The test is whether "those skilled in the art would understand 
what is claimed when the claim is read in light of the specification." Ortho kinetics, Inc. v. Safely 
Travel Chairs. Inc., 806 F.2d 1565, 1576, 1 USPQ2d 1081, 1088 (Fed. Cir. 1986). 

The requirement of 35 USC § 1 12, fourth paragraph, is that a dependent claim recite a 
fiirther limitation of the subject matter claimed. 

2.3 Argument 

Claim 3 is not being appealed so the argument is directed to claims 3 and 4-16. 



As discussed in part A above, Independent claim 17 recites a method that includes a mold 
form with through holes that allow and facilitate liquid heating fluid with the parison and so 
facilitate rapid heat transfer to the parison. The mold form configuration is therefore a 
fimdamental feature of the claimed method. Claims 2 and 3-16 recite other configuration features 
of the mold form such as hole shape, hole patterning and hole size. All of these features further 
limit the scope of claim 17 by adding limitations to the definition of the mold form that is 
employed in the method. Any of claims 2, 4-6, 9-10 and 13-14 may be taken as representative. 



2.2 Applicable Law 



2.3.] 



Claims 2, 4-6, 9-10 and 13-14 
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The Examiner cites no authority for the proposition that the subject matter of a method 
claim is not further limited by recitations narrowing the types of apparatus used to practice the 
method. The proposition on its face is ridiculous. 

The Examiner has not argued that the subject matter of the claims cannot be understood. 
Rather, the Examiner seems to be trying to create a wholly new basis for rejection of method 
claims. The contention that the dependent method claims are unclear if they do not add fiuther 
"methodical stepwise" limitations is utterly unprecedented. Applicants are entitled to have their 
cases examined according to the law as it is, not according to what the Examiner might think it 
should be. 

The rejection should be reversed as to claims 2, 4-6, 9-10 and 13-14. 



The same arguments apply to claims 7, 8, 11, 12, 15 and 16. The claims are 
imderstandable in the context of the appUcation and all add recitations further limiting the 
configuration of the mold form. These claims are being argued separately because, independent 
of the Examiner's stated grounds for rejection, the applicant has noted that these claims can be 
written to clarify the connection between the added recitation and the antecedent mold form 
structure. In the Amendment After Final filed November 12, 2007, the appUcant attempted to 
resolve these issues by replacing the words "comprising" or "having" in the respective claims with 
"wherein the mold cavity has." The amendment was refused entry in the Advisory Action, 
apparently on the basis that the Examiner did not see that they resolved any outstanding issues. 
Accordingly it is submitted that the Board should rule only on the merits of the Examiner's ground 
for rejection. The rejection should be reversed as to claims 7, 8, 11, 12, 15 and 16. 



2.3.2 



Claims 7, 8, 11, 12, 15 and 16 



AppUcation No. 10/827494 
Page 11 



Appeal Brief 

Attorney Docket No. S63.2-11346-US01 



To the extent that the Board may be inclined to impose new "antecedent basis" grounds 
for rejecting any of claims 7, 8, 11, 12, 15 and 16 under §112, second paragraph, it is respectfully 
submitted that the rejection would only be apphcable to claims 2, 4-6, 9-10 and 13-14 and that the 
appUcant should be given the opportunity to remove the rejection by resubmitting the amendments 
proposed in the Amendment After Final. 

3. The Examiner Erred in Rejecting Claims 17, 20, 22, 2, 4-5, 7-9, and 13-14 
under 35 USC §102 as Anticipated by Leonhardt (US 5,522,961) 

3.1 The Rejection 

Claims 17, 20, 22, 2-5, 7-9 and 13-14 have been rejected as anticipated by Leonhardt, US 
5,522,961 . A copy of Leonhardt is attached in the Evidence Appendix, item A. 



"A claim is anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described, in a single prior art reference." Verdegaal Bros. v. Union 
Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). In re 
Marshall , 578 F.2d 301, 304, 198 USPQ 344, 346 (CCPA 1978); Ex parte Gould 6 USPQ2d 
1680 (BdPatApp&Int 1987). See also, MPEP2131. The identical invention must be shown in 
as complete detail as is contained in the ... claim." Richardson v. Suzuki Motor Co., 868 F.2d 
1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989). 

Reliance on inherency in an anticipation analysis requires evidence that the missing 
descriptive matter is "necessarily present" in the thing described in the reference, and that it would 
be so recognized by persons of ordinary skill. MPEP §2131.01 (III); Continental Can Co. USA v. 
Monsanto Co., 948 F.2d 1264, 1268, 20 USPQ2d 1746, 1749 (Fed. Cir. 1991). Inherency may 



3.2 Applicable Law 
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not be established by probabilities or possibilities. The mere fact that a certain thing may result 

from a given set of circumstances is not suflBcient. Continental Can, 948 F.2d at 1269, 20 
USPQ2d at 1749; In re Robertson, 49 USPQ2d 1949, 1951 (Fed. Cir. 1999). 



Independent Claim 17 recites that "the heated liquid fluid enters the mold cavity to directly 
contact the parison when the mold is immersed." This direct contact provides significant process 
advantages as discussed in section A, above. Claims 20, 22, 2-5, 7-9 and 13-14 depend fi-om 
claim 17 and so also include this feature and its attendant advantages. 

Leonhard pertains to a balloon molding process in which a mold is immersed into a bath of 
water, and the mold has holes 46. However Leonhard specifically teaches that the holes 46 
"provide for the escape of air when the mold is filled by the expanding workpiece" (col. 3, lines 
62-64) (emphasis added). Thus it is clear that the holes are not sized or channeled in a way that 
permits water to enter the cavity and contact the parison as recited in claim 17. 

The Examiner contends that "water would pass through the holes 46 while the mold is 
submerged" in Leonhard's molding process, and that air and water will be expelled when the 
parison is expanded" (FA, page 6). This assertion is clearly incorrect. First, Leonhardt immerses 
for 30-35 seconds before pressurization (col. 4, lines 28-30) so, if the holes are of sufficient size 
to allow water in, there would be plenty of time for the mold to completely fill. Second, the 
bottom of the mold is on the right side of Fig. 2 (see col. 4, lines 12-14) so, if water does enter 
the mold, there is no location of the cavity in which air would be trapped. If it comes in at all, the 
mold cavity will completely fill with water. There will be no air left in the mold to be expelled 
when the parison expands. Third, the mold is transparent (col. 3, lines 52-53). Leonhardt clearly 



3.3 Argument 
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can see if water enters the mold when it is immersed and if it is expelled when the parison 
expands. In that context the fact that Leonhardt teaches that the holes "provide for the escape of 
air when the mold is filled by the expanding workpiece" can only be reasonably taken as an 
explicit teaching that the holes do not permit entry of water when the mold is immersed. 

Finally, the Examiner contends that attorney's arguments cannot take place of evidence in 
the record citing MPEP 2145(FA, Page 6). MPEP 2145 does not apply to anticipation rejections. 
Furthermore, in this case, Leonhard itself provides the evidence in the record. Applicant has no 
burden to show that Leonhard operates according to its express teaching. It is the Examiner that 
is contending that Leonhard operates in a manner different fi-om what it expressly teaches, and it 
is that contention that has no evidentiary support in the record. 

Reversal of the anticipation rejection on Leonhardt is therefore respectfully requested. 

4. The Examiner Erred in Rejecting Claims 6, 10-12, and 15-16 as obvious from 
Leonhardt (US 5,522,961). 

4.1 The Rejection 

Claims 6, 10-12 and 15-16 have been rejected for obviousness fi-om Leonhardt. The 

Examiner contends that the recitations of these claims are obvious matters of design choice (FA 
Pages 4-5). As discussed above, these claims depend from claim 17 and recite fiirther 
configuration features of the mold form. 

4.2 Applicable Law 

MPEP 2142 discussing the legal concept of prima facie obviousness articulates how 
the obviousness determination is to be made: 
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To reach a proper determination under 35 U.S. C. 103, the examiner must step backward 
in time and into the shoes worn by the hypothetical "person of ordinary skiU in the art" 
when the invention was unknown and just before it was made. In view of all factual 
information, the examiner must then make a deterrnination whether the claimed inventbn 
"as a whole" would have been obvious at that time to that person. Knowledge of 
applicant's disclosure must be put aside in reaching this determination, yet kept in mind in 
order to determine the "differences," conduct the search and evaluate the "subject matter 
as a whole" of the invention. The tendency to resort to "hindsight" based upon applicant's 
disclosure is often difficult to avoid due to the very nature of the examination process. 
However, impermissible hindsight must be avoided and the legal conclusion must be 
reached on the basis of the facts gleaned from the prior art. 

Rejections on obviousness cannot be sustained with mere conclusory statements; instead, 
there must be some articulated reasoning with some rational underpinning to support the legal 
conclusion of obviousness. In re Kahn, 441 F.3d 977, 988, 78 USPQ2d 1329, 1336 (Fed. Cir. 

2006). See also KSR International Co. v. Teleflex Inc., 550 U.S. , , 82 USPQ2d 1385, 

1396 (2007). 

4.3 Argument 

The rejection suffers the same deficiency as the anticipation rejection of claim 17, see 
section 3.3 above. Leonhardt teaches holes that permit egress of air as the parison expands, an 
event that occurs 30-35 seconds after immersion of a transparent mold with holes at the top of the 
cavity. By this teaching the skilled person is explicitly led away from the present invention. 
Stepping back to Leonhardt alone, and removing applicant's disclosure from the mind (as required 
by MPEP 2142 and the Supreme Court KSR decision), removes any reason, suggestion or 
motivation to modify Leonhardt's mold holes to permit the water to enter and fill the mold cavity. 
The rejection should be reversed for at least this reason. 

Further, with regard to claim 15 (which recites a plurality of through-holes "formed as 
slots having a minor dimension from about 0. 1 mm to about 1 .5 mm, and a major dimension of at 
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least about 0.2 mm") and claim 16 (which recites a plurality of through-holes "in the form of 
substantially circular holes having a diameter of from 0. 1 mm to about 1 .5 mm"), the size of the 
hole is not merely a matter of design choice. In the present invention the object is to get liquid 
heating fluid into contact the parison, and to provide egress for expulsion of the heating fluid 
when the parison is expanded. The specified sizes facilitate that fimction. 

In Leonhard the holes don't allow the heating fluid to enter the mold cavity and their 
object is to let air out when the parison expands. These different design criteria between the holes 
in the claimed invention and the Leonhardt holes will be smaller, so as to prevent water 
penetration. 

At least for the reasons given above reversal of the obviousness rejection of claims 6, 10- 
12 and 15 -16 on Leonhardt is requested. 

5. The Examiner Erred in Rejecting Claim 18 as obvious from Leonhardt (US 
5,522,961) taken with Gass-Erb (US 3,766,358). 

5.1 The Rejection 

Claims 18 and 21 have been rejected as obvious from Leonhardt in view of Gass-Erb. In 
the un-entered Amendment claim 21 was attempted to be cancelled. Consequently the rejection is 
traversed only as to claim 18. The rejection of claim 18 asserts that Leonhardt is relied upon for 
the aspects of claim 17 and that Gass-Erb shows that it is known to carry out a method 

comprising agitating a heated fluid while an object is immersed therein (FA, page 5). A copy of 
Leonhardt is attached in the Evidence Appendix, item A. A copy of Gass-Erb is attached in the 
Evidence Appendix, item B. 
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Claim 18 reads as follows: 



18. A method as in claim 17, further comprising agitating the heated fluid while the 
mold is immersed therein. 



5.2 



Applicable Law 



The law applicable to this rejection is as stated in section 4.2, above. 



5.3 



Argument 



The rejection of claim 18 should be reversed for at least the reason that Leonhardt does 
not meet the recitations of claim 17 as set forth in section 3.3 above, and does not make obvious a 
modification of Leonhardt as set forth in section 4.3 above. Gass-Erb is not asserted to make 
obvious use of holes in the mold that are configured allow entry of heating fluid into Leonhardt's 
molds so the combination fails to meets all of the recitations of the claim. 

Moreover, the appUcant disagrees with the Examiner's characterization of Gass-Erb. In 
Gass-Erb the immersed object is a heater that also performs the agitation, not some additional 
object analogous to a balloon mold. Thus there is nothing in Gass-Erb that is analogous to the 
claimed mold. The immersed object is a heater that also performs the agitation, and nothing in 
that document indicates that agitation should be performed "while the mold is immersed." There 
is no mold and so coinciding the timing of agitation with mold immersion clearly is not taught or 
suggested. 

The Final Office Action asserts that the document shows agitation with an immersed 
object. The applicants point is that the immersed object is the heater. It is not being heated by the 
fluid. The problems are not analogous. 



AppUcation No. 10/827494 Appeal Brief 

Page 17 Attorney Docket No. S63.2-11346-US01 

Reversal of the rejection of claim 18 on Leonhardt in view of Gass-Erb is respectfully 

requested. 



6. The Examiner Erred in Rejecting Claim 19 as obvious from Leonhardt (US 
5,522,961) taken with Garrett (US 6,073,540). 

6.1 The Rejection 

Claim 19 has been rejected as obvious from Leonhardt in view of Garrett. The Examiner 
asserts that Garrett shows that it is known to carry out "a method including vibrating the article." 
(FA, page 6). A copy of Leonhardt is attached in the Evidence Appendix, item A. A copy of 
Garrett is attached in the Evidence Appendix, item C. 

Claim 19 reads as follows: 

19. A method as in claim 17 fiirther comprising vibrating the molding apparatus while 
the mold is immersed in the heated fluid. 

6.2 Applicable Law 

The law applicable to this rejection is as stated in section 4.2, above. 

6.3 Argument 

The rejection suffers the same deficiency as the rejection of claim 17 and is traversed for at 
least that reason. Leonhardt does not meet the recitations of claim 17 as set forth in section 3.3 
above, and does not make obvious a modification of Leonhardt as set forth in section 4.3 above. 

Nothing in Garrett is asserted to make obvious use of holes in the mold that are configured allow 
entry of heating fluid into Leonhardt's molds so the combination fails to meets all of the 
recitations of the claim. Reversal of the rejection is therefore requested 
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Moreover, Garrett is clearly non-analogous art. Garrett pertains to a method of heating 
food containers submerged or partially submerged and running on a conveyer belt. A vibrator 
unit vibrates the pool of heat transfer liquid, the conveyer and the containers. 

The skilled person molding a medical device balloon would not look to a device such as 
disclosed in Garrett for guidance in modifying a balloon molding process. Stepping back from 
thee applicant's disclosure, and asking the relevant question would someone reading Leonhardt 
look to Garrett for ideas on how to modify the apparatus, answers itself It would never happen. 
The process, apparatus and articles of Garrett are too different to be of any interest to the person 
of skiU in the balloon blowing art. At least for this additional reason reversal of the obviousness 
rejection of claim 19 on Leonhardt in view of Garrett is respectfiiUy requested. 
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C. Conclusion 

For at least the reasons presented above, reversal of the outstanding rejections as 
applied to claims 2, 4-20 and 22 is respectfully requested. 
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(yiii) Claims Appendix 

2. The method of claim 17 wherein the through-hole is formed as a slot. 

4. The method of claim 3 wherein the through-holes are formed as longitudinally oriented 
slots. 

5. The method of claim 4 wherein the slots are arranged in a plurality of circumferentially 
spaced columns. 

6. The method of claim 5 wherein the slots of circumferentially aUemating columns of slots 

are staggered longitudinally. 

7. The method of claim 5 comprising at least three of said circumferentially spaced columns 
of slots. 

8. The method of claim 7 comprising four of said circumferentially spaced columns of slots. 

9. The method of claim 17 wherein the at least one through-hole has a dimension at the 
mold cavity wall inner surface which does not allow substantial penetration of the parison material 
therethrough when heated to the temperature of the heated fluid and pressurized at a pressure 
sufficient to expand the parison to contact the mold cavity wall. 

10. The method of claim 17 wherein the at least one through-hole has a circular, diamond or 
square shape at the cavity wall inner surface. 

1 1 . The method of claim 17 having a plurality of said through-holes arranged according to a 
pattern which extends circumferentially around the cavity wall. 



12. 



The method of claim 17 having a plurality of said through-holes arranged according to a 
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pattern which extends helically around the cavity wall. 

13. The method of claim 17 wherein the cavity has a portion having a diameter of at least 5 
mm. 

14. The method of claim 13 wherein said diameter is from about 8 mm to about 50 mm. 

15. The method of claim 13 having a plurality of said through-holes formed as slots having a 
minor dimension from about 0. 1 mm to about 1 .5 mm, and a major dimension of at least about 0.2 
mm. 

16. The method of claim 13 having a plurality of said through-holes in the form of 
substantially circular holes having a diameter of from 0. 1 mm to about 1 .5 mm. 

17. A method of forming a medical device comprising the steps of 

placing a parison in a mold having a cavity with a wall form substantially conforming to the 

desired shape of said device, 
immersing the mold in a heated liquid fluid to heat the parison, and 

pressurizing the parison to radially expand the parison to contact the walls of the mold cavity, 
wherein the mold cavity wall contains at least one through-hole therein through which the heated 
Uquid fluid enters the mold cavity to directly contact the parison when the mold is immersed in the 
heated fluid and through which heated liquid fluid that has entered the mold cavity is expelled 
therefrom when the parison is radially expanded. 

18. A method as in claim 17, fiirther comprising agitating the heated fluid while the mold is 
immersed therein. 

19. A method as in claim 17 further comprising vibrating the molding apparatus while the 
mold is immersed in the heated fluid. 
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20. A method as in claim 17 wherein the mold cavity wall contains a pluraUty of said through- 
holes therein. 



22. 



The method of claim 17 wherein the heated liquid fluid is water, glycerol or an oil. 
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[57] ABSTRACT 

The method of manufacturing a polyurethane balloon cath- 
eter from a length of tubing of such material wherein the 
tubing is placed in a mold of the desired final expanded 
shape, the mold and tubing are immersed in a bath of warm 
water, and air pressure is introduced into the tubing to effect 
the expansion and then withdrawn to allow the removal of 
the balloon. 
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METHOD OF CONSTRUCTION OF A 
BALLOON CATHETER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional application of Ser. No. 
07/979,248 filed Nov. 11, 1992 now U.S. Pat. No. 5,370,618. 

BACKGROUND OF THE INVENTION 

1 

1. Field of the Invention 

The invention resides in the field of pulmonary artery 
balloon catheters and more particularly relates to low infla- 
tion pressure, low deflated profile, self centering polyure- 
thane devices. ! 

2. Description of the Prior Art 

Pulmonary artery balloon catheters for measuring pres- 
sures within the vascular system are well known devices in 
the medical field. Their primary purpose is, after insertion 
into the body of the patient, to provide a means for per- ' 
forming such measurements by inflating the balloon 
attached to the catheter tip. This is accomplished, for 
example, by the introduction of fluid into the balloon 
through the catheter by a syringe located externally to the 
patient. These catheters are intended to be left within the ' 
body for an extended period of time and therefore their 
construction as well as their maneuverability, manipulation, 
and activation with minimum danger to the patient are of 

The primary material for manufacturing these balloons 
heretofore has been latex. There are a number of drawbacks 
to the use of latex which are alleviated entirely or in part by 
the employment of polyurethane in accordance with appli- 
cants invention. Among these drawbacks are the following. , 

Inflation of latex balloons is erratic due to the high tension 
of the material compared to polyurethane. This results in a 
surge to full size when the critical inflation pressure is 
reached as well as a tendency to inflate non uniformly or out 
of round nearest the catheter inflation port. 

As a natural material, latex varies from lot to lot, decom- 
poses or spoils easily and is diflicult to extrude with even 
wall thickness. 

Mechanically, it is not as durable as polyurethane, frag- 



ments when it 'bursts, difiuses filling gases quickly and 45 for about 35 seconc^ One end of the tobing which 



many of the deficiencies of those comprised of latex and 
those comprised of polyurethane as has been previously 
disclosed. 



SUMMARY OF THE INVENTION 

The invention may be summarized as a low deflated 
profile, low inflation pressure, self centering polyurethane 
balloon catheter. The balloon is comprised of substantially 
80A durometer 0.004 inch wall thickness material and is 
preferably formed by blow molding in a bell shaped mold to 
achieve a device of particular elasticity which behaves upon 
inflation and deflation in a specific and desirable manner. 

In contrast to the prior art, the catheter balloon of the 
invention obtained by the unique method of manufacturing 
disclosed herein provides a number of features and advan- 
tages constituting a significant advance in the field of 
pulmonaiy artery pressure measurements. For example the 
design and method of construction of tiie balloon provides a 
catheter which self centers in the artery under blood flow 
upon inflation. This results from an initial low inflation 
pressure characteristic which fills the balloon uniformly to 
an unstretched state followed by an additional application of 
inflation pressure which expands and stretches the balloon to 
the desired diameter and shape. Additionally the design and 
method of construction produce a rapidly obtained low 
deflated profile upon the release of inflation pressure witiiout 
the necessity of drawing a vacuum, a result of the inherent 
elastic memory of the device. Further, by the use of a solvent 
to smoothly join the catheter and balloon rather than the 
mechanical or adhesive bonds of previous devices, the 
opportunity for blood clotting is greatiy reduced. This is a 
particularly desirable aspect of the invention as these types 
of catheters normally dwell within the patient for a number 
of days. 

Additional features which enhance the eflectiveness and 
reliability of the invention include the use of epoxy for 
balloon-catheter joint reinforcement, and the arrangement of 
the balloon to cover the catheter tip when deflated. 

The balloon is preferably made by introducing extiuded 
70A to 95A durometer polyurethane tubing into a clear 
acrylic or glass mold with a bell shaped cavity. The mold is 
dipped into hot water, and stabilized at about 165 degrees F. 

" n the 



absorbs bodily fluids. Further latex has a rougher surface 
making balloons composed of that material more difficult to 
introduce into the body and more likely to promote blood 
clots upon long periods of in-dwell. 

Additionally latex has undesirable toxms and pollutants 
from its source and processing and can cause severe allergic 
reactions in some patients. 

Finally it is not as easily mounted on a catheter requiring 



mold is plugged. The other end of the tubing which is 
outside of the mold is attached to a syringe. When the mold 
has been in the hot water for the required time, pressure is 
exerted into the tubing by advancing the plunger of the 
50 syringe filled witii air. The tiibing expands due to the air 
pressure to fill the shape of the cavity. The action of the 
tubing expanding to fill the cavity can be visually seen 
through the clear walls of the mold. When formation of the 
balloon is finished, the clear balloon material most often 



adhesives and metal bands which may be avoided witii turns white for a second and then back to clear. 



polyurethane by using solvents. 

The use of polyurethane as a catheter balloon material has 
however been disclosed in the prior art. For example U.S. 
Pat. No. 4,913,701 Tower, describes a polyethylene catheter 
employing a thermoset polyurethane balloon attached by e 
cuffs and an appropriate adhesive. The references contained 
tiierein particularly U.S. Pat. No. 4,661,095, Taller et al. 
further disclose various aspects of the technology involved 
in this endeavor. 



The mold is pulled from the hot water and dipped into 
cold water preferably within about two seconds of witness- 
ing the extruded material fiUing the cavity. The plunger of 
the syringe is withdrawn collapsing the balloon allowing 
removal from the mold. Excess tubing material is trimmed 
and the proximal end of the balloon attached to the catheter 
by an appropriate solvent. The distal end is then everted over 
or reversed onto the catheter shaft below the proximal end 
and again attached with solvent complete the integration of 



Applicant has now discovered that by constructing such 65 the balloon and catheter. Everting provides a means for the 



catheters and balloons of a particular material in a particular 
way, a superior device can be created which overcomes 



balloon to cover the catheter tip on deflation. It is not 
necessary to obtain the other characteristics of the in 
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The above described features and advantages of the 
invention will be more clearly understood from the descrip- 
tion of the preferred embodiment and the accompanying 
drawings which follow. 

5 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of the balloon in the 
inflated state which comprises the preferred embodiment of 

the invention; >« 
FIG. la is a cross sectional view of the balloon of FIG. 1 

in the deflated state; and 

FIG. 2 is a cross sectional view of a mold used to 

construct the preferred embodiment of the invention. jj 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, there is illustrated a catheter balloon 20 
in the inflated state comprising the preferred embodiment of 
the invention. Balloon 10 comprised of 70A to 95A durom- 
eter polyurethane of 0.004 inch wall thickness is disposed in 
neck section 12 formed at the distal end of polyurethane 
catheter 14. It is attached so as to be fluid tight at sections 25 
16 and 18 and is preferably secured by the application of a 
solvent, cylcohexanone for example. Inflation and deflation 
is accomplished by the introduction or withdrawal of fluid at 
the proximal end 20 of catheter 14 connecting with port 22 
in the catheter wall. As shown in FIG. 1, balloon 10 extends 30 
at its greatest inflated distal extremity beyond neck section 
12. Pressure is measured through the catheter by way of tip 
port 24 which is separated from the balloon inflation chan- 
nels by a raulti lumen interior structure not shown but as is 
well known to those skilled in the art. Catheter— balloon 35 
interfaces 16 and 18 may further be reinforced by the 
application of rings of epoxy 26 and 28 which serves to 
streamline the surface reducing the risk of blood clots and 
facilitating the introduction and removal of the entire device 
into the cardiovascular system of the patient. For the same 40 
purpose, the balloon is also mounted in a manner to provide 
for the tip of the catheter to be covered upon deflation as 
shown in FIG. la. 

The specified elasticity (durometer) and wall thickness of 
the polyurethane directly result in the features and advan- ^5 
tages of the invention described above. Although the balloon 
may be constructed in various ways a preferred method of 
construction as will be described below utilizing a mold has 
been found to yield a superior and reproducable device. 

Referring to FIG. 2, there is shown a cross sectional view ^° 
of a mold particularly suited for the manufacture of the 
invention. Mold 30 is preferably composed of a clear 
material such a glass or acrylic. 

It is cylindrical having a central portion 32 of greater 
diameter than each end portion and as shown such portion 
may be described as bell shaped, that is, the cross sectional 
slope 34 of the forward part 36 is less steep than cross 
sectional slope 38 of the rearward portion 40. 

Forward part 36 provides an end seal 42 and for that gg 
purpose is internally tapered to produce a wedge fit upon the 
insertion of a polyurethane tubing work piece 44. Holes 46 
provide for the escape of air when the mold is filled by the 
expanding workpiece. 

A preferred method of construction of the balloon and 65 
catheter comprising the invention using the above described 
mold is as follows: 
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Extruded 80A durometer semi-elastic polyethcr, seg- 
rcntcd, thermoplastic polyurethane tubing with a wall thick- 
ness of about 0.004" and an inside diameter appropriate to 
fit tightly over a catheter shaft is inserted into a glass mold 
with a bell shaped bulb in the center as is described above 
and is 15 percent smaller in diameter than the intended final 
inflated balloon size i.e. 10-13 mm. The bell shape of the 
mold is advantageous to reduce the amount of excess 
balloon material to provide the lowest deflated profile. The 
upper half of the mold is cylindrical in shape with a hole in 
the center with an inner diameter just large enough to freely 
accept the introduction of the polyurethane tubing. The 
bottom half of the mold is tapered so that the polyurethane 
tubing may be friction fitted and sealed at the bottom portion 
of the mold which is closed at the end. The polyurethane 
tubing is attached to a rigid tube with a diameter 20 percent 
larger than the polyurethane tubing by stretching the tubing 
over the rigid tube and melting or solvent bonding the 
polyurethane tubing to the rigid tube so that a seal is formed. 
The other side of the rigid tube has a lucr lock connector so 
that a syringe with a pressure gauge may be attached. The 
syringe should have a volume at least equal to that of the 
intended end balloon inflation volume. After the syringe is 
attached to the rigid tube and the polyurethane tubing to the 
glass bulb mold and a seal is verified, the bell shaped glass 
bulb is immersed in a temperature controlled water bath of 
about 1 60 degrees F. to 1 68 degrees F. The mold is immersed 
just past the bulb in the mold. The bulb is left in the hot water 
for about 30 to 35 seconds, after which the syringe plunger 
is gradually advanced to expand the tubing. While pressure 
is increased with the syringe the tubing is constantly pulled 
back in a gentle manner. This removes slack from the tubing 
which when the tubing blows to fill the mold, would be 
pulled into the bulb and otherwise cause a mis-formed 
balloon. During about the last 10 percent of the depression 
of the syringe the polyurethane tubing will expand to fill the 
shape of the glass bulb. After the tubing is blown into the 
shape of the bulb more pressure is exerted to completely fill 
the comers of the mold and set the balloon shape. The mold 
is removed from the hot water bath and set in a cold water 
bath of about 40 degrees F. while the balloon is still inflated. 
After about 5 seconds, the syringe plunger is withdrawn to 
pull the tubing off the walls of the bulb and to pull the rigid 
tube away from the mold to remove the polyurethane tubing 
including the blown balloon bulb center from the mold. The 
bottom portion of the polyurethane tubing is pinched with a 
hemostat for example to seal the end and to allow inflation 
of the balloon in the air to test for symmetry and shape. 

Unexpanded portions of tubing above and below balloon 
are cut, allowing a 2 mm section on each end for mounting 
purposes. The polyurethane material catheter is prepared by 
tapering the tip in two parts using a heated mold. The first 
taper, just long enough to accomodate the portion of the 
tubing to be bonded to the catheter, about 2 mm, is greater 
than the second longer taper, about 7 mm. The bottom 
portion of the balloon is then mounted on the top taper of the 
catheter by stretching the tubing of the balloon into place 
over the extra tapered 2 mm segment. When in place the 
solvent cylcohexanone is wiped onto the 2 mm segment 
using an ordinary nylon paint brush, avoiding contact with 
the blown balloon itself. A pair of heated crimping pliers 
may be used to crimp seal the 2 mm segment onto the 
catheter in addition to the chemical bonding. The balloon- 
catheter is then set aside for about 10 minutes to allow the 
chemical bond reaction created by the cylcohexanone. After 
this, the balloon is flipped over itself or everted creating a 
cone over the catheter tip and setting in place the second 2 
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mm segment of balloon tubing to be mounted onto the 
bottom portion of the polyurethane catheter tip tapered 
portion. This segment is bonded as the first by painting 
cyclohexanone on the segment to create a chemical bond 
between the polyurethane balloon tubing segment and the 5 
polyurethane catheter tapered portion. Again, a pair of 
heated crimping pliers may be used to reinforce the strength 
of the bond by melting the balloon tubing segment into the 
polyurethane catheter material. After allowing this segment 
to set for 10 minutes, epoxy bands are painted for example lo 
Isoproplidenediphenol epichlorohyrin based epoxy and/or 
similar isomers around the sections of the balloon tubing 
that were chemically bonded to the catheter. This serves the 
purpose of smoothing out the transition of the balloon to the 
catheter to reduce the chance of causing a stagnation point is 
in the flow of blood. It also serves a second purpose of 
reinforcing the balloon to catheter bond and smoothing out 
the tip portion of the catheter to avoid scraping the inside of 
the blood vessel walls. 

What is claimed is: 20 

1. The method of manufacturing a balloon catheter com- 
prising the steps of 

(a.) providing a cylindrical mold having a central portion 
of greater diameter than each end portion; 

(b.) providing a length of substantially 80A durometer 
polyurethane tubing having a wall thickness of sub- 
stantially 0.004 inches; 

(c.) inserting said tubing into said mold; 

(d.) closing one end of said tubing; 30 

(e.) immersing said mold and said tubing in a bath of 
warm water of a selected temperature for a selected 
time; 

(f.) introducing pressurized air into said tubing to expand 
said tubing into said mold to create a balloon; 
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(g.) immersing said mold and said tubing in a bath of cold 
water of a selected temperature for a selected time; 

(h.) withdrawing said air pressure to produce a vacuum to 
collapse said balloon; 

(i.) withdrawing said balloon from said mold; 

(j.) providing a catheter comprising a length of polyure- 
thane mbing; 

(k.) producing a fluid port in the wall of said catheter at 
one end; 

(1.) placing one end of said balloon above said port and 
bonding said end with a solvent to said catheter to form 
a bonded juncture and everting the opposite end of said 
balloon over said end and bonding said opposite end to 
said catheter below said port to form another bonded 
juncture and thereby enclose said port; and 

(m.) disposing a ring of epoxy on each of the bonded 
junctures of said balloon and said catheter. 

2. The method of claim 1 wherein said solvent comprises 
cylcohexanone. 

3. The method of claim 1 wherein said pressurized air is 
introduced into said tubing by the use of a syringe. 

4. The method of clahn 1 wherein said central portion of 
said mold is bell shaped. 

5. The method of claim 1 wherein said selected tempera- 
ture in step (e.) is about 160 to 168 degrees F. and said 
selected time in step (e.) is about 30 to 35 seconds. 

6. The method of claim 1 further including the step of heat 
sealing said catheter and said balloon at the bonded junc- 
tures of said balloon and said catheter. 
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[57] 



ABSTRACT 



An immersion heater including a heating element im- 
mersible in a fluid for heating the latter, and a mixing 
device for agitating the fluid mounted on the heating 
element. The mixing device is reciprocable in re- 
sponse to energization of an electromagnetic drive, 
and may be connected into the electrical circuit for 
the heating element so as to be operable in conjunc- 
tion with the operation of the heating element or re- 
sponsive to temperature levels sensed in the heating 
element. 

12 Drawing Figures 
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IMMERSION HEATER tive arrangement which permits unhindered flow of the 

BACKGROUND OF INVENTION fluid therethrough. 

1. Field of the Invention BRIEF DESCRIPTION OF THE DRAWINGS 

the fluid, the further generation of heat is frequently FIG. 4 shows a plan view of the drive of FIG r 

tamed. r .. 

Heretofore, in order to eliminate the shortcomings of 30 DETAILED DESCRIPTION 

hl^e^'hrr °^ ""'^ "^'"S R^f^^ring now in detail to the drawings FIG 1 illus 

nnS Z furthermore, special sup- elemem 2 by means of'a L low rod 3 which is bent to 

nf th! in! ' '"aPPl'Cf ble for rapid changes heating element into fluid contained within a vessel 

of the installation from one vessel to another. In partic- The hollow rod 3 concurrently provLTa Dassa/ewrv 
u ar, when applied to distillation plants, the limitations for the electrical power crduItS hS ingdemenT 2^ 
of space-consuming stirrmg devices become quite evi- Suitable elements constituting the temperature IntrJi 
dent^ since he vessels containing the fluid baths must 40 installation are positioned in handg ^1 the f^me o 

snace fnr'th f ^ '^H "'t' ^^^"""^ which may be formed of a contactLsLwitch ThTs wm 

space for the stirring device. However, larger fluid effectively eliminate the risk of any sparks ienitTno 

baths require correspondingly greater energy supplies. flammable fluids or vapors emanatL tSefrom 
Sell AHH / '"'r'"' «f 4S The contactless Switch inco^poraS'its o^^^^^^^^^^ 

he plants. Additionally, such prior art plants or instal- control current circuit and a safety switch"nrci cuit 

Sri''' 717 ' f ^ "e described in g eaSr detairlLbelow 

able amount of time for mounting and preparation. with reference to the circuit diagrams 

SUMMARY OF THE INVENTION ^ rotatable control knob 4 for an adjustable control 

A„ J' 1 .1. en ''es'^t^"'^^' 3 control lamp S for the control currpnt Hr 

Accordmgly, the present invention contemplates the ^0 cuit and a control lamn 6 and 22 f^r 7c f t f 
provision of an immersion heater which, in addition to crrcuk 2l!areTach Sted oJ fhe handS p'^'f 
mcorporating advantageous and versatile temperature tion of thVromtSet ob^^^^^^^^^^ 
controls also provides for an optimum and equal tem- mined desired maximum oneratina tin, * f" 
perature distribution throughout the fluid. In addition heaSg elemLTuZ ^ temperature for 

present invention is formed of a compact constructure tective arrangement 9 so arfo H \ " 

mgelementandpreferablyisencompassedbyaprotec the dra^nngs. constnictXf four bl^^^^^^^^^ 
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tend over the mixing device. However, numerous other As shown in FIG. 5, the nozzles 15 in plate 8' may 

constructions readily lend themselves to the formation have the form of concentric, ring-shaped rows of aper- 

of the protective arrangement. Thus, for example, a tures, or may be formed as axially widening tapered 

housing of a wide-mesh grillwork may be stapled over bores in FIG. 6, or centrally narrowed bores as shown 

the mixing device. In each instance it must, however, 5 in FIG. 7. In the construction according to FIG. 6, the 

be noted that unhindered access of the fluid to the mix- nozzles 15 may have their enlarged openings either up- 

ing device 8 must be provided by the protective ar- wardly or downwardly directed, 

rangement. The operation of the mixing device is as follows: 

As illustrated in FIG. 2, the heating element 2 is Upon conduction of an alternating current through 

formed as a heating spiral having the mixing device 8 10 the copper windings of induction coil 11, the movable 

centrally positioned thereon. iron core 13 is axially displaced in the direction of sta- 

The drive or actuator and detailed construction of tionary iron core 12. In response to movement of iron 

the mixing device 8 is illustrated in FIG. 3 of the draw- core 13, the membrane 14' and plate 8', which are rig- 

ing. As an agitator for the fluid, a preferably circular 'd'y fastened thereto, are correspondingly axially dis- 

plate 8' may be utilized which is reciprocable in an placed. 

axial direction. This construction eliminates the need Upon the alternating current moving through its 

for the commonly used rotating elements in mixing de- "zero point," the membrane 14', and concurrently 

vices, which must be constantly serviced and which are P'^^^ 'ron core 13, are snapped-back into the ini- 

subject to a high degree of wear. t'^' position thereof. This process is repeated in corre- 

The drive or actuator for plate 8' operates pursuant spondence with the frequency of the current, for exam- 

to electromagnetic principles and is sealed within a P'® Hertz, 50 times each second. Through this 

housing 10. The main element of the drive consists of movement, in addition to the agitation of the fluid, a 

an induction coil 11 which is provided with electrical secondary advantageous mixing or agitating effect is 

current through an electrical conduit 11'. Accordiiigly, provided through the nozzles 15 of plate 8'. In this in- 

the coil 11 may be connected, for example, in series stance, in view of the funnel-shaped nozzles 15 the fluid 

with the heating coils, and with the electrical control always recaptured and forced through the nozzles, 

current circuit of the immersion heater. In this in- In order to further improve the mixing of the fluid, in 

stance, upon a maximum predetermined temperature accordance with the embodiment of FIG. 8, two or ' 

being attained, the mixing sequence is terminated con- ,o ""'"'"8 plates 8' may be combined for actuation 

currently with the flow of electric current to the heat drive. 

coils of the heating element. ^ simple switching circuit for the inventive immer- 
It is also possible to directly connect the induction sion heater is disclosed in FIG. 9 of the drawing. The 
coil 11 into the electrical circuit of the immersion through resistances 16, which also form 
heater to thereby provide a mixing device which, inde- 35 hmiters, toward trigger diode 17. The trigger 
pendently of the predetermined maximum operating a»ode, with the aid of condensators 18, switches 
temperature, is deactivated only upon the shuttine-off ^"'^ concurrently ignites alternating current 
of the immersion heater thyristor 19. In response to the energy supply, the heat- 
It is noted that in the first instance the winding of the I"^ '''f ""^"^ ^ ^^T"^ fi! 
induction coil 11 must be made in conformance with 40 '^"^^ t^errnometers 7 and 7 which serve as temperature 
the current intensity required by the heating coils of the !'rht»l^' STT'''""- .'?Vr ' '"^"u^ 
immersion heater, and is thereby formed of heavy cop- '7,2 t. ? .'^ham-dotted lines in the 
per wire, whereas in the second instance, the winding ''^Sf?^ J"^^ actuatmg temperature of the 
is formed pursuant to the supply voltage ;nd is co2 fhtriot!!!! 'tV' ^'T^'' higher than that of 
tuted of thin copper wire having a corresponding larger 45 *f J of the control current circuit. When 
number of windines the preset operating temperature is sensed by ther- 
A ^x- . ■ ■ . , . ... mometer 7, current flow through trieeer diode 17 is ter- 
A stationary iron core 12 is located w.thm housing ^j^.^ed. Responsively, thyristor 19 prevents he f^^w 
Jaiin^ LS'll' ° t H- " '° ' «f '^""^"^ through the heating element, thereby inter- 
Sto Y^^STto nSf^^^ 50 '"Pt'"« f"^ther generation of hea , and concur- 
core 13 which is ngid y connected to plate 8'. Plate 8' i„ the event of a defect occuring, for example a break 

r.rrvS / f '"°''°r''"f.V"-^''''^'; inthermometer7,whichwouldpreventtheshutting-off 

ter may take the form of a membrane 14' constituted the heat upon reaching the required maximum operat- 

I'cTeffl'r h^Jn.To t ^^ich concurrently^ forms i„g temperature, the Temperature at first rises to the 

the cover for housing 10. Preferably ^^'"P^^^t"'^ designated at contact thermometer 7'. 

core 13 is fastened to the inner wd^ Upon this temperature being attained, contact 20 

^ 1 rJ-'t^' f~^°t'y/^ ^"PPort member closes and the current thereby becomes insufficient to 

m P'^tef'- The electrical conduits 11 extend into switch trigger diode 17, thusly interrupting the heating 

housing 10 through connectmg sleeve 10' and are „ sequence. Concurrently, upon contact 20 being closed 

sea ed in the housing so as to permit the latter to pro- by contact thermometer 7', the safety switching circuit 

tect the drive for the mixmg device from corrosion and 21 is actuated. The glow tube 22, which serves a func- 

^; . . . . ■ . . tion which is similar to a trigger diode, and is further- 

The basic mixing device, in effect, plate 8', is pro- more also utilized as a control lamp 6, triggers thyristor 

vided with nozzles 15 extending m the direction of its 23. Since the current supply to trigger diode 17 and to 

reciprocating movement and parallel to the axis alternating current thyristor 19 has been simulta- 

thereof, the nozzles being spaced about the entire sur- neously interrupted, no current can flow across resis- 

face of nlate 8'. '%a 
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reX^-r^^^^^^^^^ /ccordi„g,,.eferring„ottot^^ 

the closing thereof. Lnsequently tLTtemS Xe wS ZT' 'T"" ""^^^ ^^''^ '^""'"g 

then further rise until the preset teCTerSeS ZZ ^ " ^'""'^ '"^l^i^ement for transmis- 

thermometer 7' is reaS Tt S^Cre 1™ . '^'"^^'"^ '""""'"^ eliminated. The thyristor 19 

ously mentioned, thyrisfo, 23 stSgeTe^^^^^^ ' IdTa^sSr ^H^"'''^'' 

22. The resistance 24 warms itself, md wire 2I as a se. H ^ thermistor is uti- 

ment of the current supply co^dS which extenls ^^.'^ ^. ^ ^^'^^f '^'^Pf^^^^e ^ 

across resistance 24, thereby melting L wSe at a ore the . f T"' " potentiometer 29 for 

determined maximum temperature to thereby termt 10 -"o^nted on a common axis 

nate the current supply. SimErwire 25 raS^^^^^^^^^ n'T ^;''' " " tandem-potentiometer 34. 

melt upon experietTcing an excesdrLbi ; t^^^^^^^ S^e "h'Vh ^"V'^ 

ture. The melting wire 25 should be formed of an allov ZlZ Ju eoordmated with each other, to 

having a low melting point, and may be ^omLerdilW cS "'^'^ ^""^^'"^ 

—Ihf^if^^^^^^^ The trigger diode 3S which .s utilized m safety 

suitable aperture in Listance 24 ' 7TTT! ^^"'^""-ntly operative trigged 

In this circuit arrangement, the induction coil 11 is Sci^cu^t the flow of'c 

directly connected to the electrical circuit for th^ miv T a , ,' I , °^ current in only one direction, 

ing device. As previously mentioned thi rtu.4 n"" '"^ '^"'''^ " 

heater. ^ temperature for the is required for the circuit, in accordance with FIG. 11, 

Another advantageous circuit is disclosed in Fir 1 n ^hich shunts-off the negative voltage and concurrently 

illustrating essentially only the cl otcur' ;^ 25 11'^?"^^ ^ t?' 

Concurrently, this also shows that the induction coT 1 remly avoX d ^uit^^^^^^^^^^^^^ ^''"^ ^""T 

may be connected to the control current circuit 21 of J^l avoiding circuit voltage fluctuations, suitable 

the induction heater, and particlrwTn series w^^^^^^ thfrf ^"""^ 

electrical windingof heatingeleS2 irtTa?ra^^ 37 ^h """^^"'"^ '° ^^"^^ '^'^''^ 

coil 11 is designed in accordance S the reaS c^r '° f " "^'^^^^^■■y when it is desired to obtain 

rent intensities for the immersion h*^^^^^^^^^^^^ teX'tiJL'tr^^^^^^^ 

posed of a lesser number of windings of relativeTv 7' ? resistance changes of thermistors 7, 

TeaXtrr^S^^^^^^ 35 J" -f- to prevent internal heating of thermistors 7 

rent with the shutting-off of the current suppW T1\ . ^v, ^^^^^^'^^'y >«^ded. since any 

an NTcieran'e, ty^^^^^^^ ~tt' 40 hi'h "'^H *° r^''^ '"^^ ^PP-^-' ^ 

sensor7,soastorender'theimm'eS:^h:r s^^^ wht hTf d^pt ^ til^ St T 

manipulate. The voltage is reduced by means of a voIt° Latin. efeZnt il tf ! «hort-c.rcumng of the 

age divider 28, which is constructed so that no internal co^e? «H T """'^ be- 

heating of the NTC-resistance 7 takes pSce shTnt for exalT" ""'^^'-P^'-^te excess voltage 

In this case the triggering of thyristor 19 is somewhat 45 1 ^"^""P'^' ^ transmission conduit 39. In gen- 
more difficult since'tL opeSTfSency ofThetm S ^'^""^ting current thyristors (Tri- 
mersion heater, upon the tempemu e a" whic^ a oo" sen ' d ?h '""'"^ u'' "'"^^ ''^'"g 
tentiometer 29 is approached' reacTes ont appro'xi-" T.Z^TIZT^''^''' '"S" 
mately 40 percent in response to the phase reduc bn fhvriors J' h h ^ damaged thereby. However, 

Through the introduction of a corLoLdine Rr 50 *T ° ,u y '^T^^*'' ™ 

element30. which isformedof one o^lTe ^Sn^^^^^ c^^l T ""Z ? T"'''"^ ''^^'^ned that the' 

31 and at least one condensator 32, the oSe ef?.- of the'T^Sc?' " ' 

ciency may be raised to 85 percent and up to a maxi- Another emhoHin,.„t f . 

mum of 95 percent. Furthermore, the resistances 31 disdosed „ Tt? h ' .^^^P^^^^ture control is 
provide for a desirable decrease in the circuit voltage 55 Sn2 o H^. > 5 '^^^^ 

thereby reducing the load on thermistor 7 and proS! However h s LrrentthT"" ^'"1!' 

mg protection for triggers 17 and 22. These latter mav nfZl ^If ! apparent that a contact thermometer 7' 

only be actuated by means of relativdy bw cu"enS cu^en SrnT "f ' '''' °' '"^^ 

tensities. current in current control circuit may be utilized as the trigger for 

The phase cuts, however, cause intensive radio dis ^0 f.iL'itf "T- ^."^t'^^^O"-^' it is known that as a 

turbances, particularly in the medium anS hth fre ""^!^ ^'-tf'gger it ,s particularly useful to utilize a 

quency range. In order' to prevemheToregl^'Ln " SSSo T ^'?f!? ^ so-called 

mission rectifying members must be in'ciS, curdTJeTyTw;;; ^n:^ 

which generally consist of a transmission rectifying ristor 36 a reSln^ ^ J 1 ■"=°"T°^«tes a thy- 

valve and condensators. These valves are however Iv , ' '^'f ^""^^ ^4, and a thermal safety device 

tremely large, and cannot be pracTcX^ncZor^ted heT. ^""^ ^^""^^"'"g ^'^^^"ts of 

in the gripping device for the LmeS SeT ^-^-;y™ma^ „^ 
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The transistor 40 replaces trigger diode 26 and re- said induction coil including a movable iron core fas- 
ceives a control voltage from point A. At point A the tened to said plate member for imparting axial move- 
voltage is led at one side toward thermistor 7, and at ment thereto in response to energization of said coil, 
the other side toward contact thermometer 7'. The ad- 8. Immersion heater as claimed in Claim 7, compris- 
vantage of this circuit lies in that between points C and 5 ing a stationary iron core in proximate relationship with 
D the voltage reaches only approximately 3 to 4 volts, said movable iron core, said induction coil being rigidly 
thereby permitting the utilization of currently available fastened to said stationary iron core, 
thermistors. Furthermore, in lieu of using the NTC- 9. Immersion heater as claimed in claim 8, said sta- 
resistances as thermistors, it is also possible to utilize tionary iron ore having a recessed portion, said mov- 
resistors having positive temperature-coefficients 10 able iron core having portions thereof extending into 
(PTC-resistors). However it must be noted that in this said recessed core portion. 

instance, the thermistor 7 and the related potentiom- 10. Immersion heater as claimed in claim 1, compris- 

eter 29 must be reversed. This also applies to the safety ing means for imparting reverse axial movement to said 

switching circuit 21 in accordance with FIG. 11 for plate member. 

thermistor 7' and control resistance 33. 15 11. Immersion heater as claimed in claim 10, wherein 

The various circuits may be utilized for all voltage said reverse movement imparting means comprises a 

ranges. However, individual elements, and particularly membrane. 

resistances 24, 28, 31 and thyristors 23, 27 and 36 must 12. Immersion heater as claimed in claim 11^ said 

be selected in accordance with the predetermined op- membrane being formed of corrugated sheet metal, 

erative voltage. Furthermore, the alternating current 20 13. Immersion heater as claimed in claim 9, compris- 

thyristor 19, the heat resistance of heating element 2 ing a membrane means connected to said plate member 

and the electrical coils for the drive of mixing device 8^ for imparting reverse axial movement thereto, recepta- 

must also be selected in conformance with the required cle means encompassing said induction coil and said 

operative parameters. movable and stationary iron cores, said membrane 

While there has been shown what is considered to be 25 means comprising a cover fastened to said receptacle 

the preferred embodiment of the invention, it will be so as to form jointly therewith a sealed housing for said 

obvious that modifications may be made which come induction coil and said iron cores, 

within the scope of the disclosure of the specification. 14. Immersion heater as claimed in claim 7, compris- 

What is claimed is: ing a plurality of said plate members adapted to be axi- 

1. Immersion heater including an automatic tempera- 30 ally moved in response to energization of said induction 
ture control; comprising a heating element adapted to coil. 

be immersed in a fluid for heating thereof, and a fluid 15. Immersion heater as claimed in claim 1, said 

mixing device operatively connected to said heating el- heating element having an upper and a lower surface, 

ement for imparting agitating motion to said heated said fluid mixing device being rigidly fastened to the 

fluid, said fluid mixing device comprising a circular ^5 upper surface of said heating element, 

plate member, said plate member being axially recipro- 16. Immersion heater as claimed in claim 3, compris- 

cable in directions extending normal to the surface ing a first one of said regulating resistance in the elec- 

thereof . trical control current circuit, and a second regulating 

2. Immersion heater as claimed in claim 1, compris- resistance in said safety switch circuit means, said first 
ing a source of electrical control current connected to and second resistances forming a tandem-potentiome- 
said heating element, including temperature sensing ter. 

means, the electrical control current flow to said ele- 17. Immersion heater as claimed in claim 2, said thy- 

ment being responsive to said temperature sensing ristor trigger including a glow tube forming a control 

means, safety switch circuit means positioned in the lamp. 

electrical control current circuit of said heating ele- '^^ 18. Immersion heater as claimed in claim 2, said thy- 

ment, said electrical cohtrol current circuit and said ristor trigger comprising a contact thermometer, 

safety switch comprising a contactless switch including 19. Immersion heater as claimed in claim 2, said thy- 

at least one thyristor, said thyristor having a trigger. ristor trigger comprising a transistor. 

3. Immersion heater as claimed in claim 2, the elec- 20. Immersion heater as claimed in claim 19, said 
trical current supply to said heating element being con- transistor comprising a transistor having a single pn- 
trolled by the relationship between a variable current transition. 

value responsive to said temperature sensing means 21. Immersion heater as claimed in claim 2, compris- 

and a predetermined operating current value, and at ing a condensator-type RC-element, and a resistance in 

least one regulating resistance for determining said op- said safety switch circuit means providing for instanta- 

erating current value. neous actuation of the trigger and thyristor. 

4. Immersion heater as claimed in claim 1, wherein 22. Immersion heater as claimed in claim 2, compris- 
said plate member comprises at least one nozzle aper- ing at least one resistance for reducing the circuit cur- 
ture extending in the direction of movement of said rent intensity required for the safety switch circuit 
plate member. 60 ""^^^ actuating current. 

5. Immersion heater as claimed in claim 4, wherein 23. Immersion heater as claimed in claim 2, compris- 
said nozzle aperture comprises a tapered bore diameter ing current stabilizers, current reference tubes, Zener 
extending along the length of said aperture. reference diodes, and Zener diodes for reducing the 

6. Immersion heater as claimed in claim 4, wherein operating circuit current intensities, and providing for 
said nozzle aperture comprises an intermediate re- elimination of current fluctuations, 
duced-diameter orifice portion. 24. Immersion heater as claimed in claim 2, compris- 

7. Immersion heater as claimed in claim 1, said fluid ing a low-temperature melting member, said member 
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of said safety switch, said member adapted to be melted 
upon heating during current flow so as to interrupt flow 
of current to said heating element. 

25. Immersion heater as claimed in claim 2, compris- 
ing instantaneously-operative safety means in the cur- 
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rent supply circuit of said heating element, said safety 
means shutting-off said heater by short-circuiting of 
said heating element. 
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[57] ABSTRACT 

Apparatus and methods for transferring heat between a heat 
transfer liquid and a plurality of moving containers of food 
product. The containers are conveyed by a perforated con- 
veyor at least partially submerged in a pool of the heat 
transfer liquid and are showered at the same time with the 
heat transfer liquid. The pool of heat transfer liquid con- 
tinuously drains and recirculates through either a heater or a 
chiller. A vibrator imit vibrates the pool of heat transfer 
liquid, the conveyor and the containers during the heat 
transfer operation. 

27 Claims, 5 Drawing Sheets 
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APPARATUS FOR HEATING OR COOLING transfer liquid distributor is spaced above the perforated 

PRODUCT CONTAINERS conveyor and showers the containers with heat transfer 
Hquid directed through the open top portion of the conveyor 

FIELD OF THE INVENTION P^n. This effects further heat transfer between the showering 

5 liquid and the contents of the containers. Finally, a vibrator 

The present invention generally relates to heat exchange " unit is operatively connected with the conveyor pan and 

systems and, more specifically, to apparatus and methods for vibrates the conveyor pan, the perforated conveyor, the pool 

heating or coohng product containers, for example, filled of heat transfer liquid and the containers of food product as 

with liquid-based food product. the containers are moved by the conveyor. Uniform, eflScient 

heat transfer therefore occurs between the heat transfer 

BACKGROUND OF THE INVENTION Uquid and the food product in the containers. The apparatus 

In many food processing operations, such as in the accomplishes this resuh while also being easily incorporated 

processing of fruit and vegetable products, the food product ^^'^"S processing operations and being versatile 

must be heated and maintained at a sterihzing temperature '^"°"gh to accommodate a wide variety of contamer sizes 

and then cooled sufSciently to allow further packaging and 15 types. 

transport. After proper heat sterilization, the product is either 1° the preferred embodiment, a conveyor support contacts 

cooled and then packaged under aseptic conditions, or the *e perforated conveyor and is mounted along a bottom 

product is immediately packaged in a heated, sterile condi- surface of the perforated conveyor pan to transmit vibrations 

tion and then cooled to a temperature sufiicient for additional between the vibrator unit and the perforated conveyor. A 

packaging and shipping. The product may also be packed 20 liquid return pan is mounted below the conveyor pan for 

cold in a container, and then sealed, steriUzed and cooled in receiving the heat transfer liquid from the drain. TTie hquid 

is drained in a continuous manner or, in other words, in a 



the container. Cooling the sterilized food product while the 
product is sealed within a container, such as a flexible bag, which maintains a predetermined liquid pool level 
eliminates the need for filling sterile bags with cooled, sterile 'h^' partially submerges the containers moving along the 
food product under aseptic conditions. Instead, the bag may 25 conveyor. The drain of the conveyor pan preferably com- 
be filled with heated, sterilized food product and sealed to P^ses multiple perforations in a lower surface of the con- 
ensure that the food product remains sterile. To achieve ^eyor pan. These perforations generaUy occupy an area 
acceptable cooHng times, complex cooling equipment has opposed to the conveying surface such that the pool of heat 
generally been designed to accommodate specific package transfer liquid drains across the conveying surface in a 
types. On the other hand, simpler conveying systems that 30 generally uniform manner. The perforated conveyor is a 
merely spray the packages with chilled liquid result in continuous conveyor that has a lower portion passmg 
longer cooling times and, therefore, higher processing costs. 'hrough the liquid return pan. The perforated conveyor 
jjjr additionally includes a plurality of high Iriclion elements on 
Many different systems have been proposed and used for . c e ■ . ■ ■ .u 

. . f r J the conveying surface for maintaining the containers in 

continuously heating and/or cooling containers of food . . -.i. fi. c ^ j j ■ r. 

j. r A J 35 contact with the perforated conveyor and moving through 

product along a moving production line. As mentioned ■'^ , c- -j ^ ^ l -j j r »r? 

^ ^, 1 , 11 u the pool of liquid. Other structure may be provided for this 

above, some of the more complex svslcms inchidc mecha- . 7,.,. ,^ ^ \, c.. ^. 

J, V ■ ■ I ■ r 1 »i- purpose in addition or as an alternative to the high friction 

nisms or structure for agitatini; ihc lood coiilLnls as the , , 

, , , I elements, 

containers are heated or cooled by liquid or gas heat transfer t,, , ■ . • i j • i . . . . 

media. For example, cans of liquid-based food product have J^e housing structure mcludes an inlet end and an outlet 

been agitated back and forth or roUed as a conveyor moves end and the perforated conveyor is more specifically a 

the cans past nozzles that spray the cans with a heat transfer '^e'^*^^ ^""^^ having portions disposed generally at the inlet 

liquid. With other equipment, pouches or bags have been ^"f outlet ends. Guide elements contact these portions of the 

manipulated by roUers or rocked back and forth on special- f.°d durect the belt downwardly into the conveyor pan. 

ized carriers while the pouches are conveyed through a heat ^he hquid distributor is preferably a liquid distributing pan 

transfer media '^^ adapted to hold a volume of the heat transfer hquid. The 

^ , , ' . , , . , . , , , liquid distributor pan includes a lower, perforated surface 

To address various problems of the past, it would be ^^^^^^ occupying an area opposed to and covering the 

desirable to provide apparatus and methods for heating conveying surf ace of the perforated conveyor. Therefore, the 

and/or coolmg product quickly and uniformly, whether the ^ distribution pan uniform ly showers the containers on 

product is packaged m a rigid or flexible container. ^^^^ conveying surface with chilled or heated hquid. A heat 

SUMMARY OF THE INVENTION ^''^^/'^'"g^^ '"^'Z'^, '^"^ '^^"^^'^^ li'l^id i° ' T^'^r 

path generally between the conveyor pan and the hquid 

The present invention therefore generaUy provides appa- distributor pan to continuously heat or cool the liquid. 

ratus for transferring heat between a heat transfer liquid and Finally, a plurality of pneumatic vibration dampeners are 

a plurality of flexible or rigid containers filled at least ss mounted between the housing structure and the conveyor p 

partially with food product. The apparatus may comprise an and, more preferably, between a conveyor pan support 

essentially one module or a series of modules linked to form structure and the conveyor pan. These devices isolate vibra- 

a longer system. The apparatus generaUy comprises a per- tions of the conveyor pan from the remaining portions of the 

forated conveyor having a conveying surface for supporting housing structure, and provide height adjustment to maintain 

the containers and transferring the containers through a 60 the conveyor pan at optimum operational height. 

housing structure. A conveyor pan receives the perforated The invention is also directed to methods for effecting 

conveyor and includes an open top portion and at least one heat transfer between a plurality of containers fiUed with 

drain. The conveyor pan holds a continuously recirculating food product and a heat transfer liquid. These methods may 

pool of heat transfer Uquid at a level disposed above the be performed using apparatus as generally described above, 

conveying surface of the perforated conveyor. In this 65 and involve moving the plurality of containers along a 

manner, heat is transferred between the pool of heat transfer perforated conveyor which is positioned to partiaUy sub- 

Uquid and the contents of the containers. In addition, a heat merge the containers within a pool of the heat transfer liquid. 
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Heat transfer liquid showers the containers as they move 
along the perforated conveyor The pool of heat transfer 
liquid is drained to maintain a level that partially submerges 
the containers. Finally, the perforated conveyor, the pool of 
heat transfer liquid, and the containers are vibrated during : 
the conveying and showering operation to agitate the prod- 
uct within the container and effect more uniform heat 
transfer 

Various additional objects, advantages and features of the 



invention will become more readUy apparent to those of lo conveyor belt 20. 



Preferably, pouches 30 are only about half submerged in 
liquid pool 32, as shown in FIG. 2, to prevent pouches 30 
from floating or losing substantial contact with conveying 
surface 28. To further promote engagement of pouches 30 
with conveying surface 28, con\ c\ ing sui lace 2S pid'crably 
includes a plurality of high friction elements 34, as best 
shown in FIG. 1. These may be replaced or augmented with 
additional engagement structure, such as upstanding 
members, for maintaining the movement of pouches 30 with 



ordinary skill in the art upon review of the following detailed 
description of the preferred embodiment taken in conjunc- 
tion with the accompanjdng drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an apparatus construi 
in accordance with the preferred embodiment; 

FIG. 2 is a cross sectional view taken geneialh ahum 
2—2 of FIG. 1; 



FIG. 5 is a side elevational view showing a longer heat 
exchange system l inkin g together several heat transfer mod- 
ules constructed according to the invention. 



Referring first to FIGS. 1-4, an apparatus 10 a 
n accordance with the preferred embodiment i 
housing structure 12. It will be appreciated that apparati 



Perforated conveyor belt 20 is contained within and 
supported by a conveyor pan 40. In this preferred 
embodiment, conveyor pan 40 includes three sections, 
namely, an inlet section 40fl, an intermediate section 40fo, 
15 and an outlet section 40c. Inlet and outlet sections 40fl, 40c 
are each sloped upwardly to contain the pool of liquid 32 
within conveyor pan 40. Rubber connecting material 42, 44 
may aflix inlet and outlet sections 40n, 40c to respective 
ends of intermediate section 4()h in a lluid-tight manner One 
;o suitable rubber connecting material is available from Godiva 
Rubber Company, located in San Mateo, Calif. A plurality of 
skid bars 46, or other types of support members, are affixed 
to the lower, interior surface of conveyor pan 40 to allow 
perforated conveyor bell 20 to ride in contact with conveyor 
25 pan 40. Respective shoes 48, 50 hold conveyor belt 20 down 
against respective bottom walls 52, 54, 56 of conveyor 
sections 40fl, 40b, 40c. More specifically, conveyor belt 20 
is held against skid bars 46. Bottom wall 56 of intermediate 
conveyor pan section 4Qb includes a plurality of perforations 
_?0 58 preferably spread across the entire width of conveyor belt 
20 and extending along thee length of intermediate conveyor 
pan section 40b for uniformly draining conveyor pan 40 in 
a continuous manner. A conveyor support 60, which may be 
the form of a frame structure having perpendicularly 



i 10 

may take on many different forms in accordance with this 35 aflixed frame members 60a, 60b, supports conveyor pan 40, 

and the liquid pool 32 and pouches 30 during operation. A 
plurality of pneumatic vibration dampeners 62, 64 (FIG. 2) 
are provided between conveyor support 60 and other support 
members 65 of housing structure 12. These isolate vibrations 
of conveyor pan 40 and support 60 from other portions of 
housing structure 12 and provide height adjustiiieiit to 
maintain conveyor pan 40 and support 60 at optimum 
operational height. Suitable pneumatic vibration dampeners 
may be obtained from Firestone, located in Carmel, Ind. 



invention, however, one useful form is that of a module 
which is useful alone or linked with like modules to form a 
longer heat transfer path, as will be appreciated from the 
description to follow. Housing structure 12 may include a 
plurality of access panels 14 and may generally include 4 
various types of frame structure 16 for support purposes. 

Apparatus 10 more specifically includes a perforated 
conveyor belt 20, which may be formed from any suitable 
perforated material or structure allowing a heat transfer 



liquid to flow through the conveyor. One suitable conveyor 45 Conventional pneumatic controls 66, which may include an 

air accumulator 68, are connected to operate pneumatic 
vibration dampeners 62, 64. At least one vibrator unit 70 is 
connected to the underside of conveyor support 60 and 
vibrates conveyor pan 40, perforated conveyor belt 20, the 
pool 32 of heat transfer liquid and pouches 30 during 
operation. A suitable vibrator unit may be obtained as Model 
BK 40-35/4 from Invicta, located in Charleston, S.C. As 
shown in FIG. 3, vibrator unit 70 may include eccentric, 
rotated weights 72 to produce vibrations which are ulti- 
mately transmitted to the pool 32 of liquid and to pouches 



belt is sold under No. IS62051S-HA-HF, obtainable from 
KVP/Falcon, located in Rancho Cordova, Calif. Perforated 
conveyor belt 20 is preferably a continuous conveyor belt 
which moves from left to right, as viewed in FIG. 2, over 
respective wheels 22, 24. Wheels 22, 24 have projections 
22a, 24a that engage the perforations or other spaces within 
belt 20. A suitable drive assembly 26, which may comprise 
a conventional motor and gear drive, is connected to wheels 
22 by a drive shaft 26fl for driving perforated conveyor belt 
20 in a clockwise direction, as viewed in FIG. 2. Wheels 24 
act as idler wheels to guide the opposite end of convey 01 20 
As further shown in FIG. 2, perforated conveyor belt 20 
includes a conveying surface 28 receiving a plurality of 
pouches 30 containing food product, such as liquid-based 
fruit or vegetable product. Pouches 30 ride along conveying 
surface 28 while being partially submerged within a pool 32 
of heat transfer liquid. Liquid pool 32 may comprise either 
a heated liquid or a chilled liquid depending on whether a 
heating or a cooling operation is being performed by appa- 
ratus 10. Also, although apparatus 10 is particularly useful 65 distributor pan 80 
for effecting heat transfer to or from pouches 30, more rigid manner, by 



A liquid distributor pan 80 is mounted above intermediate 
conveyor pan section 40fo and holds a supply 82 of freshly 
chilled or heated hquid. Liquid distributor pan 80 also 
includes bottom surface 84 having perforations 86 and 
extending across substantiaUy the entire length and width of 
the portion of conveyor belt 20 riding within conveyor pan 
section 40b. Pouches moving in this area therefore receive 
shower of fireshly chiUed or heated liquid 82. Liquid 
flUed, preferably i 
conduits 88. Conduits 88 rt 



may also be processed with apparatus 10. liquid 82 from a heat exchanger 90 which may be a heater 
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or a chiller. As shown in FIG. 2, heat exchanger 90 
heat transfer liquid 92 from a lower liquid return pan 94 
through a drain 96. Liquid return pan 94 is mounted to 
housing structure 12 and disposed directly below conveyor 
pan 40 to receive the liquid which continuously drains from 
pool 32. This liquid drains continuously between the frame 
members 60a, 60b of conveyor pan support 60. As also 
shown in FIG. 2, perforated conveyor belt 20 loops back 
through liquid return pan 94 and is guided over frame 
members % ~~ 

with low friction pads or surfaces 98rt, 100^ 

FIG. 5 illustrates a longer system 110 for heating or 
cooling product containers in essentially the same manner as 
apparatus 10 described with respect to FIGS. 1-4. System 
110 may include multiple modules 112, 114, 116 that operate 
as described with respect to apparatus 10 above. In system 
110, a single perforated conveyor belt 118 extends through 
each module 112, 114, 116 and is rotated by a single drive 
120 connected with conveyor drive wheels 122. Like appa- 



32 of heat transfer hquid is supplied continuously by liquid 
showering into conveyor pan 40 from the supply 82 of liquid 
contained in liquid distributor pan 80. More particularly, this 
liquid continuously drains through perforations 86 contained 
in the bottom of distributor pan 84. This liquid supply 82 is 
continuously replenished from a heat exchanger 90 which 
may supply freshly chilled or heated liquid through conduits 
88. The pool 32 of liquid contained in conveyor pan 40 is 
itinuously drained through perforations 58 contained 



100, which may have rounded upper surfaces lO Il^^l^g'?"^ ^I'^^f'^ °^ conveyor pan 40 lliis 

hquid drams mto uquid return pan 94 and is eventually 
recirculated back to heat exchanger 90. While product 
containers 30 are conveyed along the bottom surface of 
conveyor pan 40, the vibrator imit 70 operates to continu- 
ously vibrate conveyor support 60, conveyor pan 40, the 
' portion of conveyor 20 within conveyor pan 40, the pool 32 
of heat transfer liquid and, finally, product containers 30 and 
the product contained therein. Product containers 30 then 
exit housing structure 12 at the outlet end or right end 
thereof, as viewed in FIGS. 1 and 2. Apparatus 10 thereby 



10, idler wheels 124 are disposed at the opposite end 20 provides fast, thorough heat transfer between the heat 



through modules 112, 114, 116. One or more conduits 130 
supply heat transfer liquid to the interior of modules 112, 
114, 116 in the same manner as discussed above. These may 2 
supply the heat transfer liquid to liquid distributor pans (not 
shown) respectively mounted within modules 112, 114, 116. 
Each module 112, 114, 116 includes a liquid return pan 132, 
134, 136, each having a drain 138, 140, 142. Drains 138, 
140, 142 may be connected with one or more heat exchang- - 
ers in a recirculation path leading back to supply conduits 
130, as discussed with respect to FIGS. 1-4. It wiU be 
appreciated that system 110 may include more or less 
modules than the three shown in FIG. 5. The specific s 



a the heat transfer ~ 

1, and size 



^changing apparatus 



system 110 will depend, for example, 
requirements, the quantity of given uni 
requirements of the individual product 
by system 110. 

As one additional example of heat e 
that may be constructed in accordance with the 
one or more apparatus 10 and/or apparatus 110 may be 
combined in a heating and cooling operation. For example, 
one apparatus 10 or 110 may be used initially to heat and 
sterilize pouches 30 or other containers of product, while 
another apparatus 10 or 110 may be positioned at the outlet 
thereof to receive the pouches 30 or other containers for a 
subsequent cooling operation. In each stage of the process, 
apparatus 10 and 110 may be utilized in essentially the same 
manner as described above, with heated liquid being used in 
the sterilizing section and chilled liquid being used in the 
cooling section. If desired or necessary for some 
applications, apparatus constructed according to the inven- 
tion may include additional heating or cooling elements. 
Also, apparatus of the invention may be used in conjunction 
with other heating or cooling apparatus depending on the 
applications. 

The basic operation of apparatus 10, system 110, or a 
combined heating and cooling system, may be understood 
with reference to FIGS. 1 and 2. In this regard, product 
containers 30 are received on conveyor belt 20 at the left end 
or inlet end of housing 12. These product containers, which 
may be flexible pouches or bags 30, travel downwardly on 
conveyor 20 along bottom wall 52 of conveyor pan section 
40i2 until they are partially submerged within a pool 32 of 
heat transfer liquid. Pouches 30 then travel horizontaUy 65 
through liquid pool 32 on conveyor belt 20 as it moves 
through intermediate section 40Z) of conveyor pan 40. Pool 



fer liquid and the contents of product containers 30 while 
moving containers on to further packaging operations. 

As one example of the potential results of apparatus 10, 
prior conveying apparatus which simply included spraying 
the pouches of product with chilled water required 30 
minutes of cooling treatment to reduce a 1V4 gaUon bag of 
ketchup from an input temperature of 190° F. to an output 
temperature of 100° F. using 33° F. water as the cooling 
liquid. The same apparatus takes 46-48 minutes to reduce 
the same item from 190° F. to 100° F. using 75° F.-85° F. 
water as the heat transfer liquid. In contrast, a system 
constructed in accordance with the invention takes 14 min- 
utes for the same item to be reduced in temperature from 
l')0° i; 1(1 100° f. using 50° F. water as the heat transfer 
liquid and lakes 20 minutes for the same temperature 
rcduclion using 77° F. water as the heat transfer liquid. 

While the present invention has been illustrated by a 
description of a preferred embodiment and while this 
embodiment has been described in some detail, it is not the 
intention of the Applicant to restrict or in any way limit the 
scope of the appended claims to such detail. Additional 
advantages and modifications wiU readily appear ki those 
skiUed in the art. This has been a description of the present 
invention, along with the preferred methods of practicing the 
present invention as ciurently known. However, the inven- 
tion itself should only be defined by the appended claims, 
wherein I claim: 

1. Apparatus for transferring heat between a heat transfer 
liquid and a plurality of product containers, the apparatus 
comprising: 

a perforated conveyor having a conveying surface for 
supporting and transferring the containers; 

a conveyor pan receiving the conveying surface of the 
perforated conveyor and including an open top portion 
and at least one drain, the conveyor pan being adapted 
to hold a continuously recirculating pool of the heat 
transfer liquid at a level disposed above the convejdng 
surface of the perforated conveyor; 

a heat transfer liquid distributor spaced above the perfo- 
rated conveyor and operative to shower the containers 
on the conveying surface with the heat transfer liquid 
by directing the heat transfer liquid through the open 
top portion of the conveyor pan; and 

a vibrator unit operatively connected with the conveyor 
pan and operating to vibrate the conveyor pan, the 
perforated conveyor, the pool of heat transfer liquid and 
the containers as the containers are moved by the 
perforated conveyor to thereby uniformly and effi- 
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ciently transfer heat between the heat transfer Hquid 
and the product in said containers. 

2. The apparatus of claim 1 further comprising: 

a conveyor support in contact with the perforated con- 
veyor and mounted along a bottom surface of the 5 
perforated conveyor pan to transmit vibrations to the 
perforated conveyor. 

3. The apparatus of claim 1 further comprising a liquid 
return pan mounted below the conveyor pan for receiving 
the heat transfer liquid from the drain. jg 

4. The apparatus of claim 3, wherein the drain of said 
conveyor pan further comprises multiple perforations in a 
lower surface of the conveyor pan and generally occupying 
an area opposing the conveying surface such that the pool of 
heat transfer liquid drains generally in a uniform manner. 

5. The apparatus of claim 3, wherein the perforated 
conveyor further comprises a continuous conveyor, and the 
continuous conveyor passes through the liquid return pan. 

6. The apparatus of claim 1, wherein the perforated 
conveyor further includes a plurality of container engage- 
ment elements that maintain the containers moving along the 20 
perforated conveyor and through the pool of liquid. 

7. The apparatus of claim 1, wherein the perforated 
conveyor is a continuous conveyor belt, and further includ- 
ing guide elements mounted in contact with the conveyor 
belt and directing the conveyor belt downwardly into the 25 
conveyor pan. 

8. The apparatus of claim 1, wherein the liquid distributor 
a liquid distributing pan adapted to hold a volume of the 



forated lower surface spaced above the perforated 
conveyor, said liquid distributor pan adapted to hold a 
supply of said heat transfer liquid in the interior and the 
perforated lower surface operating to shower the con- 
tainers on the conveying surface with the heat transfer 
liquid by directing the heat transfer liquid through the 
open top portion of the conveyor pan; 

a liquid supply contluil in lluiti communicalion with the 
interior oi' tiic liquid tlistributor pan; and 

a vibrator unit operatively connected with the conveyor 
pan for vibrating the conveyor pan, the perforated 
conveyor, the pool of heat transfer liquid and the 
containers as the containers are moved by the perfo- 
rated conveyor to thereby uniformly and efSciently 
transfer heat between the heat transfer liquid and the 
product in said containers. 

16. The apparatus of claim 15 further comprising: 

a conveyor support in contact with the perforated con- 
veyor and mounted along a bottom surface of the 
perforated conveyor pan to transmit vibrations to the 
perforated conveyor. 

17. The apparatus of claim 15 further comprising a liquid 
return pan mounted below the conveyor pan for receiving 
the heat transfer liquid from the drain. 

18. The apparatus of claim 17, wherein the drain of said 
conveyor pan further comprises multiple perforations in a 
lower surface of the conveyor pan and generally occupying 
an area opposing the conveying surface such that the pool of 



heat transfer liquid and having a lower, perforated surface , • • - „ ■ r 

generally occupying an area opposing the conveying surface 3^ ''^f/^^^^' ^"P"'^ drams generally m a uniform 

such thalt the perforated surface can shower the conveying '° The apparatus of claim 17, wherein the perforated 

surface with the heat transfer liquid. conveyor further comprises a continuous conveyor, and the 

9. The apparatus of claim 1 further comprising: 



connected for fluid 



continuous conveyor passes through the liquid return pan. 
20. The apparatus of claim 15, wherein the perforated 



coiiiiiiuiiicalion with the drain ol 
including an outlet connected for fluid 
with said liquid distributor such that a recirculation 
path is formed between the conveyor pan and the liquid 
distributor. 

10. The apparatus of claim 9, wherein the heat exchanger 
is a device for cooHng the heat transfer liquid. 

11. The apparatus of claim 9, wherein the heat exchanger 
is a device for heating the heat transfer liquid. 

12. The apparatus of claim 1, wherein the conveyor pan 
is disposed in a housing structure and further comprising a 
plurality of pneumatic vibration dampeners mounted 45 
between the housing structure and the conveyor pan to 
isolate vibrations of the conveyor pan from remaining 
portions of the housing structure. 

13. The apparatus of claim 12 further comprising a 
conveyor pan support structure mounted between the pneu- 50 
matic vibration dampeners and the conveyor pan. 

14. The apparatus of claim 12, wherein the pneumatic 
vibration dampeners are height adjustable to change the 
height of said conveyor pan. 

15. Apparatus for transferring heat between a heat transfer jj 
liquid and a plurality of product containers, the apparatus 
comprising: 

a perforated conveyor having a conveying surface for 
supporting and transferring the containers; 

a conveyor pan receiving the conveying surface of the 
perforated conveyor and including an open top portion 
and a perforated bottom wall, the conveyor pan being 
adapted to hold a continuously recirculating pool of the 
heat transfer liquid at a level disposed above the 
conveying surface of the perforated conveyor; 

a heat transfer liquid distributor pan mounted above said 
perforated conveyor and having an interior and a per- 



conveyor further includes a plurality of high friction ele- 



iif^A^^I^^l^^^J^t ^^^^ maintain the containers moving along the perfo- 

„,r ^^rr,rr,„r„^at,^r, ^^^^^ conveyor and through the pool of liquid. 

21. The apparatus of claim 15, wherein the perforated 
conveyor is a continuous conveyor and further including 
guide elements mounted in contact with the conveyor and 
directing the conveyor downwardly into the conveyor pan. 

22. The apparatus of claim 15, wherein the Hquid dis- 
tributor is a liquid distributing pan adapted to hold a volume 
of the heat transfer liquid and having a lower, perforated 
surface generally occupying an area opposing the conveying 
surface such that the perforated surface can shower the 
conveying surface with the heat transfer liquid. 

23. The apparatus of claim 15 further comprising: 
a heat exchanger having an inlet connected for fluid 

communication with the drain of said conveyor pan and 
including an outlet connected for fluid communication 
with said liquid distributor such that a recirculation 
path is formed between the conveyor pan and the liquid 
distributor. 

24. The apparatus of claim 23, wherein the heat exchanger 
is a device for cooling the heat transfer liquid. 

25. The apparatus of claim 23, wherein the heat exchanger 
is a device for heating the heat transfer liquid. 

26. The apparatus of claim 15, wherein the conveyor pan 
is disposed in a housing structure and further comprising a 
plurality of pneumatic vibration dampeners mounted 
between the housing structure and the conveyor pan to 
isolate vibrations of the conveyor pan from remaining 
portions of the housing structure. 

27. The apparatus of claim 26 further comprising a 
conveyor pan support structure mounted between the pneu- 
matic vibration dampeners and the conveyor pan. 
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